Detailed and updated distribution records are provided for Buchonomyia thienemanni Fittkau throughout its known western Palaearctic range including Europe, North Africa and the Near East. Two subfossil pupal records from former (dried-up) river channels are included. The species is recorded from Russia for the first time. A review of the known ecology is provided. The species is believed to be ectoparasitic on a species of Trichoptera and a likely host is suggested.
Introduction
Buchonomyia thienemanni was originally described as a new genus and species by Fittkau (1955) based on a single adult male specimen collected in the Wasserkuppe region of the River Fulda in Germany. Many years later adults were found at a second European locality -the River Flesk in S. W. Ireland (Murray 1976) . Subsequently mature pupae were discovered and pupal exuviae and the adult female were described (Murray and Ashe 1981, 1985) . Since then the ability to easily identify the pupal exuviae of B. thienemanni combined with the widespread use of drift nets in Europe (and adjoining areas) resulted in a rapid increase in the number of records and countries where the species is known from. Most records are based on pupal exuviae from drift or foam samples (which occasionally include drowned adults) as the flying adults and secretive larvae are much more elusive. The use of drift nets (to collect river foam) proved successful recently with the first records from the Czech Republic (Ashe et al. 2014) .
Detailed data for all known records of B. thienemanni throughout its distribution range in the western Palaearctic are presented. Several new records are listed, including the first record from Russia, and more details are provided for some previously published records. Longitude and latitude data, not usually specified for the majority of published records, have been calculated where necessary and included for each specific site. Most of the records are recent but two are based on subfossil pupal fragments collected in sediments extracted from the dried-up former channels of large rivers.
Based on both larval and pupal features B. thienemanni is believed to be ectoparasitic on a species of Trichoptera (Ashe and O'Connor 2002) but the identity of the host species is unknown. However, based on both distribution and ecological data a likely host is now suggested.
Distribution of Buchonomyia thienemanni
The previous most easterly known European record was from Slovakia (Bitušík 1987) . The new record from Russia, based on pupal exuviae from a river to the west of Moscow, considerably extends the distribution of B. thienemanni eastwards in Europe by about 1,440 kilometers. The Russian record is also the most northerly finding of the species and indicates that it could be expected to inhabit suitable habitats at more northern latitudes than previously thought likely and its discovery, at least in southern Scandinavia, would not be unexpected. Additional records can now be expected in more southern areas of the eastern and southern Palaearctic including southern Russia, the Ukraine, the Caucasus, Turkey, the Balkans and the Middle East.
Previous distribution data, from the western and southern Palaearctic, seems to indicate that the species was primarily associated with the mid to higher range of water temperatures. The new record from Russia and the two subfossil records change this perception. Ecologically, the Russian record in particular, but also the subfossil records from the lower reaches of large rivers in northern Germany and the Netherlands, demonstrates that the aquatic stages can not only tolerate much colder water temperatures than previously believed but can survive in rivers and streams which freeze in winter.
The detailed distribution given below includes two subfossil pupal records from old former (dried-up) river channels while the remaining are based on extant records. Its past occurrence in the Lower Rhine and the Grensmaas as subfossils means that it can also be found in the lower reaches (non-estuarine zone) of large rivers, where the water may be several meters deep. However, the species may now be extinct in many large deeper rivers such the Lower Rhine and the Grensmaas due to mid to late 20th century pollution.
In the river Flesk, S. W. Ireland, the pupal exuviae are encountered in drift samples from the second week in July to about the middle of September which is the flight period for the adults. The seasonally earliest and latest European records are the 7th May (from Corsica) and the 13th October (from Bavaria in Germany) respectively but it is possible that the flight period at more southern warmer latitudes in the western Palaearctic may extend from April to November or even December.
Subfossil Records of Buchonomyia thienemanni
The dating of the subfossil records is not exact but is based on navigation charts (Klink 1983 (Klink , 1985 which show a time when the particular section of the respective rivers, where the subfossils were found, were last navigable to ships and barges. In order to ensure the safety of ships and barges and their cargoes the navigation charts had to be very accurate.
GERMANY: North Rhine-Westphalia: at least 1745 or earlier, subfossil pupal remains from sediments collected by hand auger (taken on the 6 September 1983), Schenkenschanz [Schenkenschans in Dutch], old Bovenrijn (old Lower Rhine) river channel (now dry land) (51° 50΄ 5˝ N, 6° 6΄ 40˝ E), leg. A. Klink (Klink 1983) . NETHERLANDS: Limburg: circa 1900, subfossil pupal remains from sediments collected by hand auger (taken on the 29 September 1984), Itteren, old Grensmaas (border Meuse) river channel (now dry land) (50° 54΄ 24˝ N, 5° 43΄ 5˝ E), leg. A. Klink (Klink 1985) .
Extant Records of Buchonomyia thienemanni
AUSTRIA: Oberösterreich: June to September 1994, Hohlweg, on the River Ager, 3 kilometers downstream from Lake Attersee (47° 57΄ 56˝ N, 13° 36΄ 29˝ E), leg. M. Hubmann; 15 September 1994, Alt Lenzing, near Lenzing, on the River Ager, 5 kilometers downstream from Lake Attersee (47° 58΄ 18˝ N, 13° 37΄ 9˝ E), leg. M. Hubmann; June to September 1994, Höfer, on the River Ager, 7 kilometers downstream from Lake Attersee (47° 59΄ 52˝ N, 13° 37΄ 23˝ E), leg. M. Hubmann; June to September 1994, Regau, on the River Ager, 17 kilometers downstream from Lake Attersee (47° 59΄ 54˝ N, 13° 41΄ 35˝ E), leg. M. Hubmann; BELGIUM: Liège: 30 June 1994, at Remouchamps, 137 meters, on the Amblève River (50° 28΄ 54˝ N, 5° 42΄ 26˝ E) (Evrard 1995) ; Luxembourg: 30 June 1994, 23 August 1994, at Maboge, 240 meters, on the Ourthe River (50° 10΄ 2˝ N, 5° 38΄ 47˝ E) (Evrard 1995; Evrard and Goddeeris 1995) ; 30 June 1994, 23 August 1994, at La Ferme au Pont, 295 meters, on the Ourthe occidentale River (50° 6΄ 26˝ N, 5° 37΄ 41˝ E) (Evrard 1995; Evrard and Goddeeris 1995) ; CORSICA: 8 July 1995, bridge on road D84 at 840 meters, Golo River (42° 23΄ 0˝ N, 9° 8΄ 16˝ E) ; 17 May 1999, bridge on road D148 at 430 meters, Fiumicicoli River, tributary of the Rizzanèse River (41° 39΄ N, 3° 30΄ 47˝ W), leg. R. Wilson (Murray and Ashe 1981) (Murray et al. 2013) ; Waterford: 31 August 1981, Ballyduff, River Blackwater W964992 (52° 8΄ 40˝ N, 8° 3΄ 9˝ W), B. Hayes (Murray et al. 2013) ; 31 August 1981, Lismore, River Blackwater X047988 (52° 8΄ 28˝ N, 7° 55΄ 53˝ W), B. Hayes (Murray et al. 2013 
Ecology of Buchonomyia thienemanni
The single 4th instar larva of B. thienemanni from S. W. Ireland, (originally believed to be a 3rd instar larva -Ashe 1995), was found -in an elongated sinuous fixed sand and silk case on the upper side of a large stone in a shallow riffle area of the River Flesk. An updated larval diagnosis of the genus Buchonomyia is given in Cranston and Ashe (2013) . It has been suggested previously that the immatures of B. thienemanni may be associated with a species of Trichoptera (Ashe and O'Connor 2002) .
Larvae of B. thienemanni are here considered incapable of constructing the case in which it was found. Furthermore, morphological features such as: (1) the short, reduced and laterally projecting posterior parapods, (2) the strongly reduced anterior parapods with only a few weak claws, (3) the three pairs of large anal gills which are larger than the posterior parapods, (4) the small head relative to the body size which is triangular and narrowed anteriorly and (5) the white coloured body all indicate that the larva is not free-living and appears to be incapable of clinging to or crawling on the substrate. Free-living larvae are coloured (often green or yellow, never white) and less visible, have well developed anterior and posterior parapods with numerous claws, a normal sized head and smaller anal gills and they can easily cling to or move across underwater substrates.
Many chironomids produce silk from the mouth which is manipulated and extruded with the assistance of serrated claws on the anterior parapods. There is no indication of silk production by B. thienemanni and the reduced size of the head and the weakly developed anterior parapods with few claws implies an inability to manipulate silk, sand grains or other construction materials to create a larval retreat. Consequently some other invertebrate, most likely an insect larva, must have constructed the larval retreat in which B. thienemanni was found. Features of B. thienemanni which indicate an ectoparasitic habit include its discovery in a case which it could not construct, the white body colour, the small triangular-shaped head, the enlarged anal gills and reduced anterior and posterior parapods with weakly developed claws.
Several chironomid taxa which are ectoparasitic on Trichoptera have modifications on the anterior margin of the pupal cephalothorax ( Figs. 1A-C, D) in the form of chitinised projections (i.e. Cardiocladius albiplumus Saether, species of Eurycnemus van der Wulp, Collartomyia hirsuta (Goetghebuer), some species of Polypedilum (Cerobregma Saether and Sundal)). These chitinised projections enable the chironomid pupa to break through and escape from the tough robust pupal retreat constructed by the trichopteran host. The positions of these chitinised projections on the cephalothorax are variable and include the dorsal margin (Collartomyia hirsuta), the dorso-lateral corner (Eurycnemus spp.), the medio-lateral margin (Cardiocladius albiplumus) and in the ventro-) Fig. 1 Side view of the cephalothorax of a generalised chironomid pupa superimposed with the chitinised projections of five different genera (not necessarily to the same scale). A, Collartomyia hirsuta (Goetghebuer); B, Eurycnemus crassipes (Meigen); C, Cardiocladius albiplumus Saether; D, Buchonomyia thienemanni; E, Polypedilum (Cerobregma) kamotertium Sasa. A-D modified from Ashe and O'Connor (2002, Fig. 1 ), E chitinised projection redrawn from Kobayashi et al. (2003, Fig . 3B ) superimposed on the outline of a generalised chironomid pupa from Ashe and O'Connor (2002) . The heavy dashed line shows the expected outline in a typical chironomid where chitinised projections are lacking. lateral region, forwardly directed fused cephalic tubercles in Polypedilum (Cerobregma) kamotertium Sasa.
The modifications on the cephalothorax cannot function on their own but also need additional structures on the chironomid pupal abdomen to gain leverage to enable the chitinised projections to function and pierce the walls of the trichopteran case thereby effecting the escape of the chironomid pupa. These abdominal modifications include the long spines on the tergites of Eurycnemus spp. and Cardiocladius albiplumus and the strongly developed anal combs on tergite VIII in P. (C.) kamotertium and in Collartomyia hirsuta. Such modifications on the pupal abdomen are not unique to species associated with Trichoptera but they are significant when combined with the presence of chitinised projections on the cephalothorax.
The chitinised projections, on the base of the antennal sheaths, in B. thienemanni (Fig. 1D) indicate a trichopteran association. Observations on a live pupa of B. thienemanni from a kick sample in the River Flesk (Ireland) shows that it orientates itself with the dorsal surface uppermost and twists from side to side in a snake-like motion whereas most chironomid pupae flex the abdomen in an up and down motion. It is postulated that the distinctive lateral spines on the pupal abdomen (Fig. 2,  Murray and Ashe 1981, Fig. 3 ), a unique feature in Chironomidae, are used in conjunction with the chitinised projections and the snake-like side to side motion of the pupa to enable B. thienemanni to escape from a trichopteran pupal case. The above data on chironomids which are known to be ectoparasitic on Trichoptera combined with the known ecology and certain features of the larvae and pupae of B. thienemanni indicate that it also is ectoparasitic on Trichoptera. Assuming that this is the case, is it possible to identify a likely trichopteran host? Since the postulated trichopteran host of B. thienemanni is unknown, it is necessary to consider the available data to determine if a likely candidate can be identified. The presumed trichopteran host species of B. thienemanni, assuming only one host, must: (A) occur in Ireland, (B) be widespread in Europe, (C) occur in North Africa and (D) occur in Iran. The Trichoptera in Europe are represented by 1,049 valid species (Malicky 2011) of which 151 species are known from Ireland (O'Connor and Nelson 2012; O'Connor and O'Connor 2013) . This immediately reduces the number of potential host species to 151. We can reduce this number of 151 to 123 if we exclude all the Irish species which do not occur in rivers and streams.
The larvae of some Trichoptera are free-living, many construct elaborate transportable cases and some construct loosely formed feeding retreats -the vast majority of species are found on the underside of stones and other objects. The presumed trichopteran host must occur not only in the upper and middle reaches of rivers but must also be capable of surviving in the non-estuarine lower reaches of very large, slow-flowing, rivers, which may be several meters deep, such as the Lower Rhine and the Grensmaas (although due to past human impacts from pollution it may now be extinct in these two sections of river). So far as we know, only members of the family Psychomyiidae (Gallery Building Caddisflies) within the Trichoptera are associated with the upperside of solid objects (stones, submerged wood, etc.) where the larvae construct long sinuous galleries, firmly affixed to the surface, which increase in length as the larvae grow (Fig. 3) . The 4th instar larva of B. thienemanni from the River Flesk was found is a sinuous larval gallery on the upperside of a large stone which suggests that the most likely host is a member of the Psychomyiidae. In Europe there are three genera of Psychomyiidae, i.e. Lype McLachlan, Psychomyia Latreille and Tinodes Leach. Of these, the galleries of Psychomyia and Tinodes are found on stones but Lype is mostly associated with submerged wood and we exclude the latter from further consideration. In sites where B. thienemanni occurs and which are also well investigated for Trichoptera the one species which is consistently always present is Psychomyia pusilla (Fabricius) which also occurs in outflow rivers from lakes and is also reported as subfossils from the same sites where subfossils of B. thienemanni were found. The distribution of P. pusilla is wide-ranging and includes all the geographical areas where B. thienemanni is found as well as the upper, middle and lower (non-estuarine) reaches of large rivers. The available evidence indicates that P. pusilla is the most likely host but whether or not this is correct can only be confirmed by finding the larvae or pupae of B. thienemanni within the larval galleries or pupal retreats of the trichopteran. We include maps showing the distribution of B. thienemanni (Fig. 4) and P. pusilla (Fig. 5) in Ireland. A possible explanation for the presence of the peculiar, short, laterally projecting posterior parapods is that they may be used alternatively against the inner walls of the larval gallery to enable the B. thienemanni larva to propel itself forwards or backwards within the gallery. In a study on P. (C.) kamotertium Kobayashi et al. (2003) found that: (i) there is only one chironomid larva in each trichopteran pupal case; (ii) the chironomid larva is orientated in the same direction as the trichopteran; (iii) the prepupal trichopteran is not harmed by the chironomid larva; (iv) after the trichopteran pupates a single wound hole was detected on the underside of the prothorax and (v) when the chironomid had finished feeding there was usually only chitinised fragments of the trichopteran left or occasionally a few remaining posterior segments, after P. (C.) kamotertium has pupated. All the above points except point (iv) have been observed in Eurycnemus crassipes but it is believed, as in point (iv), that after pupation of the host it is attacked by the chironomid larva -a similar scenario can be expected in B. thienemanni.
In the pupa of B. thienemanni the downwardly directed chitinised projections, located on the base of the antennal sheaths, are on the ventro-lateral corner. A possible explanation for this position can be provided by considering Eurycnemus crassipes whose ecology is better known. In E. crassipes the chitinised projections are located on the dorso-lateral corner while the trichopteran host is Hydropsyche siltalai Döhler, whose pupal retreats are found on the underside of stones. Since B. thienemanni is believed to be associated with a trichopteran host which occurs on the upperside of stones it seems logical that the chitinised projections should be located on the ventro-lateral corner which is the opposite position to that found in E. crassipes if we assume that a similar means of escape is used by the pupae of both genera. Only further investigation will prove whether or not this explanation is correct.
